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An unrefrigerated low-noise parametric amplifier that integrate a quasi-optical pumping generator has been proposed as the input circuit of the L-band micro- and picocellular communication facilities. An amplifier is designed at the contrary included signal and pump waveguides. Amplification gain of experimental breadboard model is of 17-19 dB approximately and noise temperature is no more than of 550 K when a quasi-optical IMPATT oscillator is in use as a pumping generator.

Introduction
The pressing need to transmit more information through the available bandwidth has resulted in rapid advances in superhigh frequency engineering. The growth in semiconductor technology, superhigh frequency radio physics and electronics help the progress. Nowadays operating in the overcrowded service band 2 to 20 GHz is becoming a great challenge [1], sending us to the millimeter wave frequency range 20 to 200 GHz with more communication potentiality accommodated. A wider frequency bandwidth of the millimeter wave region alleviates conjestion in it and finiteness of the signal transmission path makes possible a simultaneous employment of the frequency channels in physically distant zones [2]. It is nuessary to stress that at the millimetric waves we will have a good chance of forming the relatively narrov-beam antenna pattern and a lower power per unit of the transmitted information. This clearly demonstrates the essentially ecology improvement and the decrease in uncontrolled irradiation of the urban population.
The frequency band of 58-62 GHz (L-band) is very promising one for Local Area Network (LAN) used the in doors and outdoors. As a rule, LANs occupy one square kilometer approximately and potential of the to day’s communication facilities would be quite sufficient for uninterrupted operation. A high level of the atmospheric attenuation [3] allows to eliminate the mutual interferences and to provide the more high potential noise immunity and confidence of LAN. The last named plays a dominant role, all things being equal. A very wide broad passband of millimetric wave can play a big bonus in the transmission rate and limited distance of wave propagation makes it possible advantageously to use the Spase Division Multiplexing (SDM) in different service areas.
At super high frequency, the receiver’s sensitivity is almost entirely established by the fluctuation noise of the input circuit, therefore most effort is put now into the search for the new operating principles of low-noise amplifiers. In state-of-the-art parametric amplifiers (PA), the small incoming signal is not sent to control a local source of energy: instead, it builds up strength by taking energy from the system supply. The only noise therewith is associated with connection loss and component heating. Good circuit design and component cooling can reduce the intrinsic noise to a very low level and thus provide superior sensitivity of PA.
The physics behind parametric amplifiers has been studied thoroughly and in detail up to the millimeter wave performance. But in the short-wave part of the millimeter region, practical designing and particular implementation of various PA circuit designs have not received enough consideration yet despite the fact these questions take on great significance in view of high technological and fundamental limitations the short millimeters impose on characteristics of nonlinear devices, pumping sources, ferrite decouples to employ. On this basis, parametric amplifier design integrated with solid-state pumping generator design as a power-combined pair shows promise for extremely high frequency (EHF) receiving systems.

1. Designing principles of MM parametric amplifiers




Figure 1 ‑ Parametric amplifier geometry

In the two-stage scheme of PA operation, the key element of the working loop is the coaxial cavity which the SB diode holder forms. The idler loop employs the diode capacitance and the pin inductance. The signal loop employs the coaxial cavity and the diode nonlinear capacitance.
The coaxial cavity includes diode holder 4, dielectric cup 7, and clamping screw 8, all in a groove inside the PA body. Diode holder 4 is deisolated from the PA body with the aid mica gasket 6. Its thickness is chosen such that the space developed produces a load capacitor of the coaxial cavity. Variations in the component dimension allow one to change the Q-factor and the resonant frequency of the coaxial cavity. Since the coaxial cavity includes a parametric capacitor (with the SB diode) and has a complex behaviour at signal, idler, and pumping frequencies, an exact design of this unit present a problem. The situation is still further complicated by that the coaxial cavity fulfillment is not actually an accurate duplication of the coaxial cavity with load capacitor but (by reasons of technology) only an approximation of it. Therefore coaxial cavity components are chosen by experiment. The coupling of the signal and combination-frequency oscillation loops proceeds through the hole where the pumping waveguide stubs in the signal waveguide and also through the SB diode, which is a common one for the signal and difference-frequency loops.


Figure 2 ‑ Parametric amplifier with dielectric insert filters

The signal waveguide of the two-stage PA which is shown in Fig.2 has dielectric inserts 3 functioning as the pumping and idler-frequency filters [5]. Diode 2 with contact pin 5 is positioned at the waveguide junction. The incoming signal is passed down signal waveguide 1 to diode 2 through signal-transparent insert 3. The pumping power is transmitted through pumping waveguide 4. The idler-frequency filter employs the reactivities of semiconductor diode 2 and dielectric insert 3. The length of insert’s regular section is chosen from the condition of longitudinal resonance of nonfundamental guided waves. For the purpose of high-order excitation inside the dielectric insert, both its free walls are made tilted to the signal / pumping waveguide axis. The permittivity of the insert is such that the number of traveling waves at the pumping and idler frequencies exceeds that in the insert-free part of the signal waveguide.




Figure 3 ‑ Parametric amplifier with a double-stub filter

The amplifiers and the frequency converters offer wider bandwidths when nonlinear components are inserted in the working loop in balance scheme. The signal and combination-frequency loops in the balance PA are independent: they have no tuning components in common but, instead, a parametric coupling via nonlinear components, which is helpful in expanding the amplification bandwidth. 




Figure ‑ 4. Balance parametric amplifier

The balance PA operates in reflection mode. The incoming signal in the shape of the fundamental H10 oscillation is fed to the input waveguide to be H20-transformed at the corner converter and passed to the signal waveguide. The length of the signal waveguide is chosen such that the H20 oscillation is formed. The pumping frequency is below the signal cut-off. Therefore the pumping waveguide is 1/4  axially separated from the diodes. This provides a right position of the diodes in the signal and difference-frequency loops. Upon such a design, the signal loop rests on the SB diode only. The H20 field distribution in the signal waveguide is an instrument to switch on the diodes in antiphase [6].
Every PA model suggested permits packageless SB diodes. The benefit of it is the practical absence parasitic reactances associated with package diodes. The diode-pin holder is short-circuiting the superhigh frequency power in the signal waveguide, and it does not introduce losses and parasitic reactances to the signal and difference-frequency loops. Besides, the signal and difference-frequency loops contain no fine-tuning components that might violate the linearity of the amplitude-frequency response of the amplifier.




Figure ‑ 5. An axial view of IMPATT oscillator stabilized with a spherical echelette corner OR





The measurements were performed according to the traditional experiment procedure. First, PA units, junctions, filters, circulators, diode chambers were tested in “cold”. Then the PA gain, operating bandwidth, noise temperature were determined. The tuning of the “cold” signal loop and the idler frequency loop is executed using a standard analyzer which makes panoramic VSWR and wave attenuation measurements in reflection scheme. In the 60-65 GHz range, the respective sections of the signal and pumping waveguides are 3.60.3 mm2 and 2.40.3 mm2. A circulator and the pumping source are tapered to then correspondingly.




Figure 6 ‑ The gain and the noise temperature of the two-stage parametric amplifier with quasi-optical IMPATT-diode pumping oscillator

In Fig. 7 is show the experimental amplitude characteristics of two-circuit PA at the pumping frequency of 109.8 GHz. At the amplification gain of 17-19 dB the half-power frequency bandwidth is 1-1,2 GHz and noise-temperature is no more than 550 К. As can be seen from diagram the bias voltage variation allows the operating frequency to be shifted at 6-7 GHz when the frequency and power of the pumping source are unchanged.




Figure 7 ‑ The amplitude characteristics of two-circuit amplifier























Работа посвящена созданию широкополостных входных усилительных устройств для современных телекоммуникационных систем КВЧ диапазона. Рассмотрена перспективная схема входного модуля с параметрическим усилением сигнала, состоящего из параметрического усилителя и генератора накачки. Благодаря моделированию колебательных процессов в так называемом сфероуголковоэшелетном открытом резонаторе, создан генератор накачки на ЛПД с уникальными шумовыми характеристиками.
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